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Introduction The Michigan Department of Agriculture and RuravBlepment (MDARD)

regulates aquatic species through a Prohibitedrastricted species list, under
the authority of Michigan’s Natural Resources amgiEbnmental Protection
Act (NREPA), Act 451 of 1994, Part 413 (MCL 324.41341305). Prohibited
species are defined as species which “(i) are atveor are genetically
engineered, (ii) are not naturalized in this statef naturalized, are not widely
distributed, and further, fulfill at least one wfd requirements: (A) The
organism has the potential to harm human healtb severely harm natural,
agricultural, or silvicultural resources and (BJdetive management or control
techniques for the organism are not available.ti#sd species are defined as
species which “(i) are not native, and (ii) areunalized in this state, and one
or more of the following apply: (A) The organismshthe potential to harm
human health or to harm natural, agricultural,ilmiciltural resources. (B)
Effective management or control techniques forditganism are available.”
Per a recently signed amendment to NREPA (MCL 32D2), MDARD will

be conducting reviews of all species on the ligtsrisure that the lists are as
accurate as possible.

We use the United States Department of Agriculgjriélant Protection and
Quarantine (PPQ) Weed Risk Assessment (WRA) prqé#3®, 2015) to
evaluate the risk potential of plants. The PPQ WR&cess includes three
analytical components that together describe giemiofile of a plant species
(risk potential, uncertainty, and geographic paos&nPPQ, 2015). At the core
of the process is the predictive risk model thatieates the baseline
invasive/weed potential of a plant species usifigrmation related to its
ability to establish, spread, and cause harm iarahtanthropogenic, and
production systems (Koop et al., 2012). Becaus@tbdictive model is
geographically and climatically neutral, it canused to evaluate the risk of
any plant species for the entire United State®oafy area within it. We then
use a stochastic simulation to evaluate how muelutitertainty associated
with the risk analysis affects the outcomes frompghedictive model. The
simulation essentially evaluates what other riskeg might result if any
answers in the predictive model might change. Kinale use Geographic
Information System (GIS) overlays to evaluate thargas of the United States
that may be suitable for the establishment of gex®s. For a detailed
description of the PPQ WRA process, please refdrd®PQ Weed Risk
Assessment Guidelin@BPQ, 2015), which is available upon request.

We emphasize that our WRA process is designeditnas the baseline—or
unmitigated—risk associated with a plant species.uak evidence from
anywhere in the world and in any type of systenoqpction, anthropogenic, or
natural) for the assessment, which makes our psacesry broad evaluation.
This is appropriate for the types of actions coeised by our agency (e.g., State
regulation). Furthermore, risk assessment andmskagement are distinctly
different phases of pest risk analysis (e.g., IPR15). Although we may use
evidence about existing or proposed control programthe assessment, the
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ease or difficulty of control has no bearing on tis& potential for a species.
That information could be considered during thk neanagement (decision
making) process, which is not addressed in thisichamnt.

Trapa natans L. — Water chestnut
Species Family: Lythraceae (NGRP, 2015; Hummel & Kiviat,G2Q

Information SynonymsTrapa natandhas, at times, been split into numerous, narrowly-
defined species (Weakley, 2015; Mabberley, 2008weéler, currently the
genus Trapa is recognized to include just one potpimic species
(Weakley, 2015). Several of these species are asssginonyms fofrapa
natansand are still in use today by some researchersapity Trapa
bispinosa(Agrawal & Mohan Ram, 1995) aridapa bicornistHummel &
Kiviat, 2004). For this reviewlrapa natansvas treated as a single species,
and the above synonyms were included in the sdarchaterial.

Common names: Water chestnut, water caltrop, watkrsinghara nut, bull
nut (Hummel & Kiviat, 2004).

Botanical descriptionTrapa natanss a rooted aquatic herb (Agrawal &
Mohan Ram, 1995; Shalabh et al., 2012) which griowsgater at a depth of
1.2-1.6 m, with a maximum growth depth of about ZDementeva &
Petushkova, 2010). Floating leaves are arrangadasette, with serrated
upper leaves up to “5 cm wide and broadly rhombimidngular, deltoid or
broadly ovate” (Mikulyuk & Nault, 2009). For a fullotanical description,
see eFloras (Haynes, 2015).

Initiation: In accordance with the Natural Resosraad Environmental
Protection Act Part 413, the Michigan DepartmenAgficulture and Rural
Development was tasked with evaluating the aqsaigcies currently on
Michigan’s Prohibited and Restricted Species LMC( 324.41302). The
USDA Plant Epidemiology and Risk Analysis Laborgite(PERAL) Weed
Team worked with MDARD to evaluate and review tpecies.

Foreign distributionTrapa natanshas a very broad native distribution that
includes many countries in Africa, Europe, and ABI&RP, 2015; GBIF,
2015). This species has become naturalized in [&hatt et al., 2012),
Japan (Kadono, 2004), and Singapore (Keng, 198d)was first detected
in Canada in southern Quebec in 1998 (Darbysh@@3f where it is
currently considered invasive (OIP, 201bj)apa natanss extensively
cultivated in Asia for consumption (Raju, 1999; Wdaeller, 1888;
Mabberley, 2008) and medicinal purposes (Shalallh,e2012), but it is not
known to be cultivated elsewhere.

U.S. distribution and statu$rapa natanss present and has naturalized in
several states: California, Connecticut, Delawlltassachusetts, Maryland,
New Jersey, New Hampshire, New York, Pennsylvargamont, and
Virginia (Kartesz, 2015). This species is regulatedlabama, Arizona,
Connecticut, lllinois, Indiana, Michigan, Oregomgush Carolina, Vermont,
Washington, and Wisconsin (National Plant Board,3)0Trapa natans
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does not appear to be cultivated in the UnitedeStat any extent, including
in botanical gardens. Eradication programs inclualkee Champlain, where
the state of New York and Vermont, as well as th®. Bish and Wildlife
Service, the Army Corps of Engineers, and the Ll@kamplain Basin
Program have collaborated on a management progcamthe 1960s until
the early 2000s (Naylor, 2003). Maryland’s Departiedf Natural
Resources has also established a management anol poogram, which
focuses on preventing establishment in areas wheamatanshas not yet
established, as well as mechanical control methodseas where it has
(Naylor, 2003).

WRA ared: Entire United States, including territories.

1. Trapa natansanalysis

Establishment/Spread Trapa natansias already demonstrated to be invasive in theedi8tates
Potential (Hummel & Kiviat, 2004) where it exhibits “explog\growth” (Ding &

Impact Potential

Blossey, 2005). Within its introduced range, itwgsovery quickly within
waterways, and. natanshaturalizes and spreads in areas where it has been
introduced.Trapa natanshas a very dense growth habit (Tall et al., 2011;
Swearingen et al., 2002; ISSG, 2005; Strayer £@03). It is prone to both
natural (Swearingen et al., 2002; Hummel & Kiv2@04; Pemberton, 2002)
and human-mediated (Dementeva & Petushkova, 20a0kel & Kiviat,
2004) dispersal; this species may spread via fishiats (Dementeva &
Petushkova, 2010) and boats (Hummel & Kiviat, 20@4)well as water
currents (van der Pijl, 1982; Pemberton, 2002f<b{Swearingen et al., 2002;
Hummel & Kiviat, 2004), and animals (Swearingemlet2002; Hummel &
Kiviat, 2004). The seeds have a high germinatioe odup to 87% (field
studies conducted by Kurihara & lkusima, 1990). Ned a low amount of
uncertainty for this risk element.

Risk score = 18 Uncertainty index = 0.08

Trapa natangoses the biggest impact within natural systetredtdrs nutrient
regimes (Tall, Caraco, & Maranger, 2011; CaracodeC2002) and prevents
up to 95% of light from permeating through the waitgumn (Tall et al., 2011;
Groth et al., 1996), which inhibits photosynthestisower levels and prevents
oxygenation of deeper waters. Furtiernatansdisplaces native macrophytes
(Strayer et al., 2003; Hummel & Kiviat, 2004) ardluces species diversity
(Pemberton, 2002; Countryman, 1977; Hummel & Kiv2fi04). This species
also poses a danger to the public, including inftmyn stepping on the barbed
fruits (Kaufman & Kaufman, 2007; Hummel & Kiviatp@4) and drowning in
its thick growth (Hummel & Kiviat, 2004). This spes also reduces the
recreational usage of an area that it has invadeohberton, 2002; Swearingen

1 “WRA area” is the area in relation to which theedeisk assessment is conducted [definition maodiifiem that for “PRA

area’] (IPPC, 2012).

Ver. 1
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et al., 2002; Ding et al., 2006; Hummel & KiviaQ@®). We found no evidence
of impacts in agricultural systems. We had a lovoant of uncertainty for this
risk element.

Risk score = 3 Uncertainty index = 0.07

Geographic Potential Based on three climatic variables, we estimateahatt 82.3 percent of the

Ver. 1

Entry Potential

United States is suitable for the establishmenritrapa natangFig. 1). This
predicted distribution is based on the speciesikndistribution elsewhere in
the world and includes point-referenced localiied areas of occurrence. The
map forTrapa natangepresents the joint distribution of Plant Hardm&ones
3-13, areas with 0-100+ inches of annual precipmatand the following
Kdppen-Geiger climate classes: tropical rainforgepical savanna, steppe,
Mediterranean, humid subtropical, marine west ¢dashid continental warm
summers, humid continental cool summers, subawtid,tundra.

The area of the United States shown to be climitisaitable (Fig. 1) is likely
overestimated since our analysis considered ongetblimatic variables. Other
environmental variables, such as pH, water tunpidihd wave turbulence, may
further limit the areas in which this species kely to establishTrapa natans
inhabits temperate to tropical water bodies in gisig areas with slower water
flow (Hummel & Kiviat, 2004).

We did not assess the entry potential cfpa natandecause it is already
present in the United States (Ding et al., 2006jri&yman, 1977).
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Figure 1. Predicted distribution ofrapa natansn the United States. Map
insets for Alaska, Hawaii, and Puerto Rico aretacicale.

2. Results

Model Probabilities: P(Major Invader) = 87.1%
P(Minor Invader) = 12.4%
P(Non-Invader) = 0.4%

Risk Result = High Risk

Secondary Screening = Not Applicable
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Figure 2. Trapa natangisk score (black box) relative to the risk scasés
species used to develop and validate the PPQ WRkel{ather symbols).
See Appendix A for the complete assessment.

Low Risk Evaluate High Risk
5 . _ Further
4.5 - \
4 - .
E \\ \‘ o LK ] L
€ 35 - \ \
2 \ N .
8 3 - \ Y ‘ee '_.1 .
- \\ \ o I
@ | e I
2 2.5 1 HighRisk 100% | \ : . °*
E EF-High 0% 3 | y
2 4 EF-EF 0% \ Y
EF—Low 0% \ |
1.5 - LowRisk 0% ‘\‘ \
1 T T T T k T T ! T T T
-20 -15 -10 -5 0 5 10 15 20 25
Establishment Spread Potential

Figure 3. Model simulation results (N=5,000) for uncertgiatound the risk
score forTrapa natansThe blue “+” symbol represents the medians of the
simulated outcomes. The smallest box contains &¥epeof the outcomes,
the second 95 percent, and the largest 99 percent.
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3. Discussion

The result of the weed risk assessmentfapa natanss High Risk (Fig.
2). When compared with the species of known weedd to validate the
WRA model, this species ranked amongst other Higk ®eeds. Our
categorization of “High Risk” is well supported the uncertainty analysis
(Fig. 3).Trapa natansas been the focus of several management and
eradication programs, most notably within Lake Cpkam in the
northeastern United States and within Marylandr tieaChesapeake Bay
(Naylor, 2003). Control measures that have beert eftective are
mechanical hand pulling (Groth et al., 1996; Coymtin, 1977) as the
concentration of herbicide necessary to controiwjnas harmful to both
native flora and fauna (Hummel & Kiviat, 2004).llake Champlain, more
than $5 million was spent on control between 19822003 (Kaufman &
Kaufman, 2007), and the state of New York and Vernnas well as the
U.S. Fish and Wildlife Service, the Army Corps ofdgineers, and the Lake
Champlain Basin Program have collaborated on tlisagement program
for decades. The Maryland Department of NaturabRees’ 2003
management plan outlined a $27,000 plan for coatmdlmanagement, with
additional funds allocated for prevention of intuotion and communication
efforts (Naylor, 2003). In the Chesapeake Bay negione, $2.8 million has
been spent in the past 20 years for control andtorarg programs (Eyres,
2009). This species also poses a unique humarhhesdard for an aquatic
macrophyte; this plant produces barbed nuts (Swegani et al., 2002; Ohwi,
1984; Pemberton, 200&)at pose a significant hazard to swimmers, boaters
and fishermen (Kaufman & Kaufman, 2007; Hummel &ikt, 2004;
Swearingen et al., 2002), as well as those involvigd the hand removal of
the species. This species has been used in phydration experiments
(Sweta et al., 2015) and it is capable of remo¥éinge amounts of nitrogen
from an aquatic system (Tall et al., 2011).
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Weed Risk Assessment forapa natans

Appendix A. Weed risk assessment finrapa natand.. (Lythraceae). Below is all of the evidence and
associated references used to evaluate the riskfmltof this taxon. We also include the answer,
uncertainty rating, and score for each questioe. BExcel file, where this assessment was conduigted,

available upon request.

Question ID Answer -
Uncertainty

Score Notes (and references)

ESTABLISHMENT/SPREAD
POTENTIAL

ES-1 [What is the taxon’s f- negl
establishment and spread status
outside its native range? (a)
Introduced elsewhere =>75
years ago but not escaped; (b)
Introduced <75 years ago but
not escaped; (c) Never moved
beyond its native range; (d)
Escaped/Casual; (e)
Naturalized; (f) Invasive; (?)
Unknown]

5

Trapa natandas a very broad native distribution that includes

many countries in Africa, Europe, and parts of ABI&RP,
2015; GBIF, 2015). This species has been introdaced
become naturalized elsewhere (NGRP, 2015), inctutfidia
(Bhatt et al., 2012), Japan (Kadono, 2004), and&iore
(Keng, 1990). This species was first reported liert).S. in
1886 (Wibbe, 1886) and since then it has spreadveral
northeastern states (Kartesz, 2015; Pemberton,) 20@2as
first detected in Canada in southern Quebec in 1998
(Darbyshire, 2003) and is expected to spread dbenst.
Lawrence River system (de Lafontaine & Costa, 2008)pa
natansis considered one of the worst invasive aquatciss
in India (Bhatt et al., 2012) where the speciesategorized as
invasive (i.e., spreading) (Khuroo et al., 2007yda et al.,
2012).Trapa natansxhibits “vigorous spread” in Japan
(Kurihara & Ikusima, 1991). After its initial intcuction in
Massachusettg,. natans™explosive” spread (Ding & Blossey,
2005) extended the species’ introduced range ttmuigthe
Northeastern United States and as far south asafbaeke Bay
(Ding et al., 2006). Within Lake Champlain, (lochtgithin the
borders of New York, Vermont, and Quebec) tdtahatans
biomass increased tenfold within two years follogvihe
abandonment of the control program; 8 "bushelst (p8.)
were hand pulled in 1967, while control ceasedd68l and 80
"bushels” (1.5 tons) were then pulled in 1969 (Gttal.,
1996; Countryman, 1977). Alternate answers forMiloate
Carlo simulation are both e.

ES-2 (Is the species highly n - low
domesticated)

This species is sometimes used in foodsed as a source of
starch (Raju, 1999; von Mueller, 1888; Mabberle302).
Trapa bicornisandTrapa bispinosawhich are cultivated as a
food item in Asia, have seeds with two stout hgikeng,
1990) and are considered to be agricultural selestofT.
natans(Pemberton, 2002). Researchers are evaluating the
potential use ofrapa natansn a variety of areas including
phytoremediation (Sweta et al., 2015) and humaritiaut
(Stoicescu et al., 2012). However, we found no evig that
the species overall is highly domesticated or lesstbred to
reduce traits associated with weed potential.

ES-3 (Weedy congeners) n - low

The gefapaincludes just this one polymorphic species,
which at times has been split into numerous, ndyralefined
species (Weakley, 2015; Mabberley, 2008). Non&ef t
narrowly-defined species that the genus has bdenngp is
considered a significant weed (Randall, 2012).

ES-4 (Shade tolerant at some n - negl
stage of its life cycle)

Trapa natangrows in full sun environments (Wisconsin Sea
Grant, 2015; Hummel & Kiviat, 2004) and does nd¢itate
any shade (Golden, 2015).
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Question ID Answer -

Uncertainty

Score Notes (and references)

ES-5 (Plant a vine or
scrambling plant, or forms
tightly appressed basal rosettes)

n - negl

Trapa natanss neither a vine nor does it form tightly
appressed basal rosettes; it is a rooted aquatic(Agrawal &
Mohan Ram, 1995; Shalabh et al., 2012).

ES-6 (Forms dense thickets, vy - negl
patches, or populations)

In parts of the Hudson River during sienmer monthsfrapa
natansforms dense populations (Tall et al., 2011). Plaats
form dense mats (Swearingen et al., 2002) sometioesring
several miles (ISSG, 2005)rapa natanften occurs at
densities between 100-1000 g dry weight(Btrayer et al.,
2003) and may grows to densities of up to 50 plpatssquare
meter (Tsuchiya & Ilwaki, 1984).

ES-7 (Aquatic) y - negl

Trapa natangs an aquatic species (Mabberley, 2008) with a
floating rosette of leaves and a central stemithadoted
(Ohwi, 1984; Pemberton, 2002; Groth et al., 1996).

ES-8 (Grass) n - negl

This species is not a graier it is a member of the
Lythraceae family (NGRP, 2015; Hummel & Kiviat, 200

ES-9 (Nitrogen-fixing woody
plant)

n - negl

We found no evidence that this spedies fnitrogen, nor is it
in a plant family known to have N-fixing capab#i§i (Martin
and Dowd, 1990). Furthermore, this is not a wookdyi but
rather a rooted aquatic herb (Agrawal & Mohan Ra895;
Shalabh et al., 2012)

ES-10 (Does it produce viable y - negl
seeds or spores)

Trapa natangproduces viable seeds (Cozza et al., 1994).
Populations are persistent through spontaneousrdieation
of seeds (von Mueller, 1888). Kurihara & lkusim&90)
found an 87% germination rate in the field.

ES-11 (Self-compatible or
apomictic)

y - negl

Floral biology ofrapa natandavors self-pollination (Kadono
& Schneider, 1986) and self-pollination is possidore the
flower opens (Hummel & Kiviat, 2004). Insect moverhe
within the flower results in the anther sacs bémghed'
against the stigma, facilitating self-pollinatidfadono &
Schneider, 1986). Caging experiments conducteddmjola
and Schneider (1986) indicate tAabpa natanss “both self-
and cross-compatible as well as apomictic”.

ES-12 (Requires specialist
pollinators)

n - negl

Flowers are insect pollinated (Sweaninggeal., 2002;
Mikulyuk & Nault, 2009; National Park Service, 2015lo
further information is provided about the typesrafects,
indicating that these are generalist pollinatorswelver, field
experiments and observations conducted by Kadodo an
Schneider (1986) state that “insects captured aachmed for
pollen revealed minimum amounts. These observatioggest
that insects play a minimum role as cross-pollir&itoNe are
answering no, due to the majority of literaturerpioig to insect
pollination, but with low uncertainty given the @pgations by
Kadono and Schneider (1986).

ES-13 [What is the taxon’s b - low
minimum generation time? (a)

less than a year with multiple
generations per year; (b) 1 year,
usually annuals; (c) 2 or 3

years; (d) more than 3 years; or

(?) unknown]

Trapa natanglants are annuals (Swearingen et al., 2002;
ISSG, 2005; Pemberton, 2002) and reproduce natwaly by
seed (Countryman, 1977). Parent plants producesdseldte
June and die by fall, killed by the first frost (@dryman,
1977; Hummel & Kiviat, 2004). Seeds generally geratée the
next year (Cozza et al., 1994), but seeds may red@imant in
the seed bank and remain viable for 3-12 years fiddéy,
2008; Pemberton, 2002; Kurihara & lkusima, 1990mthel &
Kiviat, 2004). Most seeds germinate within two year
(Mabberley, 2008). While this species is able tpererate
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Question ID Answer -

Uncertainty

Score Notes (and references)

from vegetative fragments (Kaufman & Kaufman, 20@&83G,
2005),T. natandacks a form of natural vegetative
fragmentation (Agrawal & Mohan Ram, 1995). Therefave
are answering b, and alternate answers for the &Gatlo
simulation are both c.

ES-14 (Prolific reproduction) n - low

Trapa natansften grows to densities of up to 50 plants per
square meter (Tsuchiya & Iwaki, 1984), and venhhignsity
beds can produce about 100 rosettégtummel & Kiviat,
2004). Seeds stored under natural conditions Keslahad a
germination rate of about 80 percent (Cozza ell8bP4).
Single seeded fruit germinate early in the spring ean
produce 10 to 15 plant rosettes, each of whichpcaduce 15
to 20 seeds (ISSG, 2005). Very high density beuis te be
less sexually productive than low density beds (Fhain&
Kiviat, 2004; Groth et al., 1996), yet calculatitgit each
rosette can produce 15 to 20 seeds, these verydbigtity beds
can produce 1500 to 2000 seeds, which falls belaw o
threshold of 5000. Therefore, we answered no.

ES-15 (Propagules likely to be y - low 1 Trapa natansmay be introduced to new sites via fish nets
dispersed unintentionally by (Dementeva & Petushkova, 2010). Barbs can clintets,
people) wooden boats, clothing, construction equipment, @hdr
vehicles (Hummel & Kiviat, 2004).
ES-16 (Propagules likely to n - high -1 We found no evidence that this speisieispersed as a
disperse in trade as contaminant of agricultural, forestry, or horticutl products.
contaminants or hitchhikers) It does not seem likely that seeds or vegetationlavbe
dispersed in this manner, due to seed and fruiphwogy (see
ES-17).
ES-17 (Number of natural 3 2 Fruit and seed description for questions EStlitaugh ES-
dispersal vectors) 17e: Fruit are woody with 2-4 sharp barbs thatdemrved from
the calyx and bear a single seed (Swearingen, &C42;
Ohwi, 1984; Pemberton, 2002). Fruits are buoyaweg8ingen
et al., 2002) and weigh six grams (Mikulyuk & Na@009).
ES-17a (Wind dispersal) n - negl We found vidence that propagules are wind dispersed, and
given the size and weight of the fruits, it would feearly
impossible for them to disperse in this manner.
ES-17b (Water dispersal) y - negl While tlewiérs are borne above water, as the plant meristem
develops the fruit end up developing in the walRaniberton,
2002). When mature, the fruit detach from the @amtd float
for some time, eventually falling to the sedimexytdr where
the barbs help anchor the seeds in the hydrosail ¢er Pijl,
1982; Pemberton, 2002). Nuts and rosettes thdiraten off
can float to other areas on currents (Swearingah,62002).
ES-17c (Bird dispersal) y - high Fruit clirmliirds (Swearingen et al., 2002). Barbs clinghi® t
plumage of Canadian geese (Hummel & Kiviat, 2004¢. are
answering yes, but with high uncertainty given thatsize and
weight of the fruit will most likely limit this kid of dispersal
over long distances.
ES-17d (Animal external y - high Fruit cling to animals (Swearingen et 2D02). Barbs cling to
dispersal) mammal fur (Hummel & Kiviat, 2004). We are answerires,
but with high uncertainty given that the size arelght of the
fruit will most likely limit this kind of dispersabver long
distances.
ES-17e (Animal internal n - low We found nadmnce that this species is dispersed internally;
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Question ID Answer -

Uncertainty

Score Notes (and references)

dispersal)

moreover the woody barbs and husk of the fruit midist likely
deter animals from eating it.

ES-18 (Evidence that a
persistent (>1yr) propagule
bank (seed bank) is formed)

y - low

Seeds are viable for up to 12 years (Malgly, 2008), although
most will germinate within the first two years (Savmgen et
al., 2002). In one experimental study, some seeusined
dormant until the second year, at which time thesyrgnated at
the same rates as seeds that were dormant foooalwinter
season; this study suggests that plants are progigeieds that
are physiologically heteromorphic (i.e. seeds efshme
generation have different growth functionality) @2a et al.,
1994). Seed longevity is three years under nataadlitions.
Seeds that do not germinate the spring after theyedeased
become part of the seed bank and may germinat&atdradate
(Kurihara & Ikusima, 1990). Seed banks may pefdisi2
years in sediment (Hummel & Kiviat, 2004).

ES-19 (Tolerates/benefits from y - mod
multilation, cultivation or fire)

Trapa natandragments will reestablish a plant (Kaufman &
Kaufman, 2007; ISSG, 2005). When raking or pullxtants,
floating, uplifted plants and plant parts can sgréee plant to
new locations (Swearingen et al., 2002; Groth et18196).
Detached ramets are capable of producing furtheetsiand
seed, which may develop at any point downstreatheoparent
plant (Groth et al., 1996). The plant is commomagmented
by mechanical removal and control methods (Kauféan
Kaufman, 2007) and cutting from boats, ropes, (¢tammel &
Kiviat, 2004). We found no information regardingget¢ative
regeneration rates, so we are answering yes witfenate
uncertainty.

ES-20 (Is resistant to some n - low We found no evidence this species isstast to herbicides.

herbicides or has the potential Furthermore, it is not listed by Heap (2013) ascadvthat is

to become resistant) resistant to herbicides. The herbicide 2,4-dichapbenoxy
acetic acid (2,4-D) has been used successfulletdT. natans
infestations, however the high concentrations ased
detrimental to both native plants and other wid(iHummel &
Kiviat, 2004).

ES-21 (Number of cold 11

hardiness zones suitable for its

survival)

ES-22 (Number of climate 10
types suitable for its survival)

ES-23 (Number of precipitation 11
bands suitable for its survival)

IMPACT POTENTIAL

General Impacts

Imp-G1 (Allelopathic) n - low

We found no evidenthat this species is allelopathic. This
species is a freshwater aquatic plant, and alléhygda not
normally associated with freshwater aquatic envirents
(Gross, 2003).

Imp-G2 (Parasitic) n - negl

We found no evidetiz this species is parasitic.
Furthermore]. natansdoes not belong to a family known to
contain parasitic plants (Heide-Jorgensen, 2008nidal &
Kiviat, 2004).

Impacts to Natural Systems

Imp-N1 (Changes ecosystem y - negl

0.4

Dense nidtsratansblock 95 percent of light from entering
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Question ID Answer -
Uncertainty

Score Notes (and references)

processes and parameters that
affect other species)

the water column, thereby inhibiting photosynthesid
oxygenation at lower levels (Tall et al., 2011; thret al.,
1996). Plants vent oxygen directly into the atmasph
depleting oxygen from the surrounding water (T@lraco, &
Maranger, 2011) and causing hypoxia and anoxia.dtudy
conducted in Hudson River tidal areas, Caraco anid (2002)
measured dissolved oxygen (DO) levels of nativatsladeds
andTrapa natandeds, and that from July-August, DO in
native macrophyte bed¥#éllisneria americanpnever declined
below 5 mg/L, and varied between 6.3 and 11.8 mgHhile
beds ofTrapa natanshad DO levels lower than 2.5 mg/L, with
measurements that varied between 0 and 6 mg/Lhé&unbre,
decaying plants reduce oxygen levels in the watechwv
increases the chance for fish kills (Kaufman & Kaah, 2007;
Swearingen et al., 2002). Because aquatic spedikdloating
leaves deliver oxygen directly into the atmosphéxed
carbon is retained in the aquatic system (Pieraah., 2010;
Strayer et al., 2003; Goodwin et al., 2008).Intitlal portion

of the Hudson River, beds @faparemove significant amounts
of nitrogen each year because the low oxygen létiels create
when the tide runs out promotes microbial actiwtyich
denitrify the system through the production ofaiis oxide
and nitrogen gas (Tall et al., 2011). In fact, althh the large
Trapabeds in this system represent only 2.7% of thel trea
of the tidal Hudson, they remove between 70% ar¥d.0f

the total N in this river (Tall et al., 2011).

Imp-N2 (Changes habitat y - low
structure)

0.2

Trapa natanglisplaces submerged native vegetation in the
Hudson River (Strayer et al., 2003yapa natansan cover
100% of the water’s surface and block 95% of sumlig
shading out all submerged vegetation (Hummel & #tivi
2004). Only tall, emergent species are able to gnowater
chestnut beds, and are unaffected by its interepeci
competition (Hummel & Kiviat, 2004).

Imp-N3 (Changes species y - low
diversity)

0.2

Trapa natangan dominate ponds, shallow lakes, and river
margins, displacing native vegetation due to heshading of
submersed and other floating plants (Pembertor? 2&8d
outcompeting native plants for sunlight (ISSG, 2005
Countryman, 1977; Swearingen et al., 2002). IrHbdson
River, Trapa natandhas replaced the native submerged species
water celeryYallisneria americanavichx.) and clasping
pondweed Potamogeton perfoliatuis.), as well as the
introduced species Eurasian watermilfdlytiophyllum
spicatumL.) (Hummel & Kiviat, 2004) Trapa natangs of

little use to wildlife (Swearingen et al., 2002; @dryman,
1977) and crowds out desirable aquatic plants whiokide
food and shelter to fish and waterfowl (Countrymb®i/7)
Displacement of submersed plantsThynatanss believed to
cause the loss of many animal species and thdaaement by
more tolerant, more common, and in some cases ativen
species (Hummel & Kiviat, 2004). Pemberton, 2002;
Countryman, 1977; Hummel & Kiviat, 2004).

Imp-N4 (Is it likely to affect y - low
federal Threatened and
Endangered species?)

0.1

There is concern that natangpopulations in the Connecticut
River will spread into the tidal marshes of thatarwhich have
exceptional significance for rare plants and aninfelummel
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Question ID Answer - Score Notes (and references)
Uncertainty

& Kiviat, 2004). This species greatly reduces symli(Tall et
al., 2011; Groth et al., 1996) and depletes oxygehe water
column it occupies, which may lead to deaths offveawildlife
(Kaufman & Kaufman, 2007; Swearingen et al., 2062ither,
T. natansoutcompetes and crowds out native species (ISSG,
2005; Countryman, 1977; Swearingen et al., 2008¢. T
displacement of native species is believed to hapkced
native wildlife populations as well (Hummel & Kija2004).
These effects on natural ecosystems and nativelgtams
indicate that this species is likely to have a \@gious impact
on T&E species in areas which it invades.

Imp-N5 (Is it likely to affect y - negl 0.1 Trapa natanspredicted distribution in the United States
any globally outstanding includes globally outstanding ecoregions as deflme®icketts
ecoregions?) et al. (1999)Trapa natanss already present as a noxious weed

in areas of Pennsylvania and Maryland (Pennsylvaai
Grant, 2008) which occur in a globally outstandétgregion
(Ricketts et. al, 1999)rapa natansnay move to nearby
counties in globally outstanding ecoregions viadtspersal
methods discussed in ES-17. This species alterenut
regimes within areas it becomes established imtiorg
hypoxic and anoxic zones (Pierobon et al., 201€y8ft et al.,
2003; Goodwin et al., 2008), encouraging microbial
communities to further denitrify the water colunmmderT.
natansbeds (Tall, Caraco, & Maranger, 201T)apa natans
outcompetes native species to replace the submeeggdation
layers, shading them out (Strayer et al., 2003;&¢tan,
2002) and provides little use to native wildlifedanaterfowl
(Countryman, 1977; Swearingen et al., 2002). Demsés ofT.
natansblock 95% light attenuation in the water columméath
them, altering the oxygenation of the natural syséad
increasing the chance for fish kills (Tall, Cara&dyiaranger,
2011; Swearingen et al., 2002; Kaufman & Kaufm&g2).

Imp-N6 [What is the taxon’s ¢ - negl 0.6  Trapa natanss a natural areas weed in Australia (Randall,
weed status in natural systems? 2007). Control methods are described in severakssu

(a) Taxon not a weed; (b) taxon (Swearingen et al., 2002).The Nature Conservansy ha

a weed but no evidence of organized teams of volunteers to pull rosettes fitoen
control; (c) taxon a weed and environment (Pemberton, 2002). Hand removal of kmal
evidence of control efforts] populations is best because it uproots easily afgktprevent

additional spread (ISSG, 2005). Chemical and machin
removal is more effective for large populationsSG 2005).
The US Department of Agriculture's Agricultural Rasch
Service has sponsored research to identify suitaiblegical
control agents (Pemberton, 1999). Field experimeyntSing et
al. (2006) showed promise for biocontrolTofnatansn natural
areas byGalerucella birmmanicaa leaf beetle. In Lake
Champlain, more than $5 million was spent on cditetween
1982 and 2003 (Kaufman & Kaufman, 2007). The Margla
Department of Natural Resources’ 2003 managemant pl
outlined a $27,000 plan for control and managemeitih,
additional funds allocated for prevention of intugtion and
communication efforts (Naylor, 2003). Alternate aass for
the Monte Carlo simulation are b.

Impact to Anthropogenic Systems (cities, suburbs,
roadways)
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Question ID Answer - Score Notes (and references)
Uncertainty

Imp-Al (Negatively impacts  y - negl 0.1 Trapa natansnay have played a role in the drowning deaths of

personal property, human a woman and two children in the Hudson River iy 2001

safety, or public infrastructure) due to entanglement (Hummel & Kiviat, 2004). Nutattwash
up on the shoreline are hazardous to walkers atietfsadue to
the sharp spines (Kaufman & Kaufman, 2007). Speeidl
methods for control are needed to prevent injurygople
(Swearingen et al., 2002). Nuts float to shoresrevtiee sharp
spines are a nuisance to bare feet (ISSG, 200&)bed spine-
tips may break off in the skin and have causecttida
(Hummel & Kiviat, 2004). The Asian custom of eatirayv
water chestnut contributes to the ingestion ofglaat
intestinal fluke Fasciolopsis buskilarvae that cause
fasciolopsiasis (Hummel & Kiviat, 2004).

Imp-A2 (Changes or limits y - negl 0.1 Trapa natandimits recreation and navigation (Pemberton,

recreational use of an area) 2002). Dense growth @f. natanseliminates or severely
impedes most recreational activities such as swimgnfishing
from the shoreline, the use of small boats, anad ek
hunting (Pemberton, 2002; Swearingen et al., 200 et al.,
2006; Hummel & Kiviat, 2004). These large mats mafeas
inaccessible to fishermen (ISSG, 2005; Ding et24106).
Swimming and other beach-related activities are hisdered
by the sharp nut hulls that accumulate on shoresnfHel &
Kiviat, 2004; Swearingen et al., 2002)

Imp-A3 (Affects desirable and n - low 0 We found no evidence that this speciéscé$ ornamental

ornamental plants, and plants and vegetation.

vegetation)

Imp-A4 [What is the taxon’s c - low 0 Classified by the Weed Science Societpoierica as a weed

weed status in anthropogenic (WSSA, 2010) and considered a weed in China (Zh20@0).

systems? (a) Taxon not a weed; Eradication efforts are currently in place for plation

(b) Taxon a weed but no discovered in the Erie Canal (Clay, 2011) includirgd

evidence of control; (c) Taxon a pulling and monitoring for any re-establishmentlaf species

weed and evidence of control in the area. Volunteers in New York utilize handlipg as a

efforts] control effort for the population in the Oswego &ivnear
Battle Island, both popular tourist and recreatites.
Volunteers conduct these control efforts annuallgn attempt
to suppress and eradicate the local populationlpraki,
2015). Therefore, we answered c, with alternatevarsof b.

Impact to Production Systems (agriculture,

nurseries, forest plantations, orchards, etc.)

Imp-P1 (Reduces crop/product n - mod 0 Although this species is a weed of nicidia (Moody, 1989;

yield) Raju, 1999) we found no evidence that it reduceklyi

Imp-P2 (Lowers commodity n - mod 0 We found no evidence that this speciesite commodity

value) value.

Imp-P3 (Is it likely to impact n - mod 0 Trapa bicornisis regulated in New Zealand where it is

trade?) prohibited from sale, propagation, and distribuiBOP
Environment, 2004; APHIS, 2015)rapaspp. is regulated in
Australia and Nauru (APHIS, 2015). Within the Uditstates,
T. natands regulated in Alabama, Arizona, Connecticut,
Illinois, Indiana, Michigan, Oregon, South Caroliv&ermont,
Washington, and Wisconsin (National Plant Board,3)0
While this species is regulated in trade, we fonadavidence
thatT. natanss likely to follow a pathway of trade as a
contaminant, due to the size and morphology cfeeds.
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Question ID Answer - Score Notes (and references)
Uncertainty

Trapa natanss cultivated as a food product within Asia (von
Mueller, 1888; Mabberley, 2008; Keng, 1990), butiridikely
to move as a contaminant.

Imp-P4 (Reduces the quality or n - mod 0 We found no evidence that this speciestafthe quality or

availability of irrigation, or availability of water.

strongly competes with plants

for water)

Imp-P5 (Toxic to animals, n - low 0 We found no evidence that this specig¢exi& to animals.

including livestock/range

animals and poultry)

Imp-P6 [What is the taxon’s b - low 0.2 Trapa natandas been identified as a weed of rice in India

weed status in production (Raju, 1999; Moody, 1989). However, we found nalevice

systems? (a) Taxon not a weed; that this species is being controlled in this syst€herefore,

(b) Taxon a weed but no we answered b. Alternate answers for the MontecCarl

evidence of control; (c) Taxon a simulation were both a.

weed and evidence of control

efforts]

GEOGRAPHIC Unless otherwise indicated, the following evide represents

POTENTIAL geographically referenced points obtained fromGhabal
Biodiversity Information Facility (GBIF, 2015).

Plant hardiness zones

Geo-Z1 (Zone 1) n - negl N/A  We found no evidertea it occurs in this hardiness zone.

Geo-Z2 (Zone 2) n - mod N/A  We found no evidena thoccurs in this hardiness zone.

Geo-Z3 (Zone 3) y - low N/A A few points in Russiwas noted in one source (i.e. Cozza et
al., 1994) that this species undergoes a “chiliagod”
necessary for germination which may adapt the spdor
growth in cold areas, but we were unable to vdtify.
However, this study also found that seeds stordfCahad a
higher germination rate than seeds not storedcdt lsuv
temperatures. Consequently, we are answering yesyith
moderate uncertainty.

Geo-Z4 (Zone 4) y - negl N/A A few points each iarnada, Russia, India, and China.

Geo-Z5 (Zone 5) y - negl N/A A few points in theiténl States and Russia.

Geo-Z6 (Zone 6) y - negl N/A  The United States algfRussia, Poland, and Austria.

Geo-Z7 (Zone 7) y - negl N/A  The United Statesag@and France.

Geo-Z8 (Zone 8) y - negl N/A  China, Japan, Fragggin, Belgium, Germany, and Italy.

Geo-Z9 (Zone 9) y - negl N/A  China, Japan, Fraacel, Greece.

Geo-Z10 (Zone 10) y - negl N/A  The United Statemyt8 Africa, Namibia, Botswana, Zambia,
China, and Japan.

Geo-Z11 (Zone 11) y - negl N/A  South Africa, Zamtaad China.

Geo-Z12 (Zone 12) y - negl N/A  Sudan, Uganda, Bwaktaso, China, and Thailand.

Geo-Z13 (Zone 13) y - low N/A A few points in Theaid.

Kdppen -Geiger climate

classes

Geo-C1 (Tropical rainforest) y - mod N/A  One pdimfThailand

Geo-C2 (Tropical savanna) y - negl N/A  Zambia, Suydiganda, Burkina Faso, and Thailand.

Geo-C3 (Steppe) y - negl N/A  South Africa, NamilBatswana, Spain, and China.

Geo-C4 (Desert) n - low N/A  We found no evidencat ihoccurs in this climate class.

Geo-C5 (Mediterranean) y - negl N/A  The United &afTurkey, Greece, and Algeria.

Geo-C6 (Humid subtropical) y - negl N/A  The Unitsthtes, South Africa, Zambia, China, and Japan.

Geo-C7 (Marine west coast) y - negl N/A  France,igpaermany, Belgium, and the Netherlands.
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Uncertainty
Geo-C8 (Humid cont. warm y - negl N/A  The United States, Japan, and Soutte&o
sum.)
Geo-C9 (Humid cont. cool y - negl N/A  The United States, Canada, China, dagad Russia
sum.)
Geo-C10 (Subarctic) y - mod N/A A few points in mtainous areas of France and Greece. It

was noted in one source (i.e. Cozza et al., 198)this

species undergoes a “chilling period” necessargémination
which may adapt the species for growth in cold srbat we

were unable to verify this. However, this studyodisund that
seeds stored af@ had a higher germination rate than seeds not
stored at such low temperatures. Consequentlyreve a
answering yes, but with moderate uncertainty.

Geo-C11 (Tundra) y - mod N/A  Two points in mountaia regions in France. It was noted in
one source (i.e. Cozza et al., 1994) that thisispamdergoes a
“chilling period” necessary for germination whictaynadapt
the species for growth in cold areas, but we weable to
verify this. However, this study also found tha¢de stored at
4°C had a higher germination rate than seeds natdstatrsuch
low temperatures. Consequently, we are answeriaghye
with moderate uncertainty.

Geo-C12 (Icecap) n - low N/A  We found no eviderfzat it occurs in this climate class.
10-inch precipitation bands
Geo-R1 (0-10 inches; 0-25cm) y-mod N/A A fewmsiin Uganda. There is no reason that this species

couldn't survive in this precipitation band, asgas there is a
permanent body of water.

Geo-R2 (10-20 inches; 25-51 vy - negl N/A  The United States, Botswana, NamiBiarkina Faso, and
cm) Spain.

Geo-R3 (20-30 inches; 51-76 vy - negl N/A  South Africa, Zambia, Sudan, BurkinasB, France, and Spain.
cm)

Geo-R4 (30-40 inches; 76-102 vy - negl N/A  South Africa, France, Belgium, Germaagd Russia.
cm)

Geo-R5 (40-50 inches; 102-127y - negl N/A  The United States, Canada, Zambian&hand Japan.
cm)

Geo-R6 (50-60 inches; 127-152y - negl N/A  The United States, Japan, and France.

cm)

Geo-R7 (60-70 inches; 152-178y - negl N/A  China, Japan, and France.

cm)

Geo-R8 (70-80 inches; 178-203y - negl N/A  China, Japan, Thailand, and France.

cm)

Geo-R9 (80-90 inches; 203-229y - negl N/A  China, Japan, and France.

cm)

Geo-R10 (90-100 inches; 229- y - negl N/A  China and Japan.

254 cm)

Geo-R11 (100+ inches; 254+ vy - negl N/A  China, Japan, Thailand, and Myanmar.

cm)

ENTRY POTENTIAL

Ent-1 (Plant already here) y - negl 1 We did natleate the entry potential of this species because

it is already present and invasive in the Uniteatét (Ding et
al., 2006; Countryman, 1977). It was cultivated\sa Gray's
botanical garden at Harvard University, in 1874 @toyman,
1977). First observed to have escaped in North Aaaén

Concord, MA, in 1886 (Ding et al., 2006; Countrymaf77).
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Ent-2 (Plant proposed for entry, -
or entry is imminent )

N/A

Ent-3 (Human value & -
cultivation/trade status)

N/A

Ent-4 (Entry as a contaminant)

Ent-4a (Plant present in -
Canada, Mexico, Central
America, the Caribbean or
China)

N/A

Ent-4b (Contaminant of plant
propagative material (except
seeds))

N/A

Ent-4c (Contaminant of seeds
for planting)

N/A

Ent-4d (Contaminant of ballast -
water)

N/A

Ent-4e (Contaminant of -
aquarium plants or other
aquarium products)

N/A

Ent-4f (Contaminant of -
landscape products)

N/A

Ent-4g (Contaminant of -
containers, packing materials,
trade goods, equipment or
conveyances)

N/A

Ent-4h (Contaminants of fruit,
vegetables, or other products
for consumption or processing)

N/A

Ent-4i (Contaminant of some
other pathway)

N/A

Ent-5 (Likely to enter through
natural dispersal)

N/A

Ver. 1

September 14, 2015

22



